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What is claimed as new and desired to be protected by Letters Patent of the 
United States is: 


J lv A data output apparatus comprising: 



a plurality of output circuits each of which receives and outputs a respective 
data signal, each said\^utput circuit operating in response to a respective applied clock 
signal; 

f ^ a clock source for s\mplying a first clock signal; 

a plurality of adjustable \jelay circuits receiving said first clock signal, each of 
^ 10 said adjustable delay circuits providing^ respective first delayed first clock signal to a 

|1 j respective one of said plurality of output chpiits. 

1 2. A data output apparatus as ij£ claim 1 wherein each of said output circuits 

has an associated output data hold time/the timing of which is adjusted by the delay 
of a respective delay circuit. 

15 3. A data output apparatus as in claim 2 wherein the amount of delay 

applied by each of said adjustable delay circuits is programmable. 
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4. A data output apparatus as in claim 2 wherein tl^e delay of each of said 
adjustable delay circuits is adjusted such that the timing of ^aid data hold time of each 
of said output circuits is substantially coincident. 


5. A data output apparatus as in claim 2 further comprising a plurality of 
data output terminals respectively connected to said output circuits, and 

wherein the delay of each of said adjustable delay circuits is adjusted such 
that the data hold time as seen at said respective output terminal is substantially 
coincident. 

6. A data output apparatus in claim 1 wherein each of said delay circuits 

comprises: 



an input for receiving said first clock signal; 


a plurality of delay elements, each of said delay elements providing different 
respective delay to a signal applied thereto; and, 


a switch circuit/ for selectively causing a selected one of said delay elements to 
delay said first clock signal and apply a delayed first clock signal to a respective output 
circuit. 
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7. A data output apparatus as in claim 6 further comprising a programming 
circuit for programming said switch circuit to selectively apply said first clock signal to 
one of said delay elements. 


8. A data output apparatus as in claimyy wherein said programming circuit 
comprises at least one fuse element. 

9. A data output apparatus as iji claim 7 wherein said programming circuit 
comprises at lest one anti-fuse element. 


10. A data output apparatus as in claim 6 wherein said switch circuit 
comprises a plurality of switch elements respectively coupled to said plurality of delay 
elements, one of said switch elements being selectively enabled to apply said first clock 
signal to its respectively coupled delay element. 


11. A data output apparatus as in claim 10 further comprising a 
programmable circuit for programming which of said switch elements is selectively 
enabled. 


12. A' data output apparatus as in claim 1 wherein said output circuits are 
output buffer circuits. 
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13. A data output apparatus as in claim 1 wherein each of said output 
circuits receives and outputs a respective d^ta signal from a memory array. 

&-/ 

14. A data output apparatus as in claim 6 wherein said switch circuit 
comprises at least one multiplexor. 


A processor based system comprising: 
a processor; and 

at least one memory circuit coupled to said processor, at least one of said 
processor and memoryscircuit including a data output apparatus comprising: 

a plurality of output circuits each of which receives and outputs a respective 
data signal, each said output Circuit operating in response to a respective applied clock 
signal; 

a clock source for supplying a first clock signal; 

a plurality of adjustable delay circuits receiving said first clock signal, each of 
said adjustable delay circuits providing a respective delayed first clock signal to a 
respective one of said plurality of output circuit 

16. A processor baSed system as in claim 15 wherein each of said output 
circuits has an associated output data hold time, the timing of which is adjusted by the 
delay of a respective delay circuit. 

/ 
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17. A processor based system as in claim 16 whe/ein the amount of delay 
applied by each of said adjustable delay circuits is programmable. 


18. A processor based system as in claim L6 wherein the delay of each of 
said adjustable delay circuits is adjusted such that tnc timing of said data hold time of 
each of said output circuits is substantially coincident. 

19. A processor based system as in claim 16 wherein each of said output 
circuits is coupled to a respective output terminal and the delay of each of said 
adjustable delay circuits is adjusted such that the data hold time as seen at said 
respective output terminal is substantially coincident. 

20. A processor based system as in claim 15 wherein each of said delay 
circuits comprises: 

an input for receiving said first clock signal; 

a plurality of del^/elements, each of said delay elements providing a 
different respective delay^o a signal applied thereto; and, 

a switch circuit for selectively causing a selected one of said delay elements to 
delay said first clock ^ignal and apply a delayed first clock signal to a respective output 
circuit. 
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21. A processor based system as in claim 20 further comprising a 
programming circuit for programming said switch/circuit to selectively apply said first 
clock signal to one of said delay elements. 

22. A processor based system as in claim 21 wherein said programming 
circuit comprises at least one fuse element. 


2 3. A processor based system as in claim 21 wherein said programming 
circuit comprises at lest one ai/ti-fiise element. 


^> 2^ A processor based system as in claim 21 wherein said switch circuit 

comprises a plur^ty of switch elements respectively coupled to said plurality of delay 
10 elements, one of said^switch elements being selectively enabled to apply said first clock 

signal to its respectively coupled delay element. 


25. A processor based system as in claim 24 further comprising a 
programmable circuit for prograrpCming which of said switch elements is selectively 
enabled. 


15 


26. A processor based system as in claim 15 wherein said output circuits are 
output buffer circuity 
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27. A processor based system as in cjaim 15 wherein each of said output 
circuits receives and outputs a respective data signal from a memory array. 

28. A processor based^ystem as in claim 20 wherein said switch circuit 
comprises at least one multiplexor. 


29. A memory device comprising: 


a memory core; and 


a data outpur\apparatus coupled to said memory core and comprising: 

a plurality of output circuits each of which receives and outputs a respective 
data signal from said core, eacn\^aid output circuit operating in accordance with a 
respective applied clock signal; 

a clock source for supplying^ first clock signal; 


a plurality of adjustable delay circuits receiving said first clock signal, each of 
said adjustable delay circuits providing a respective delayed first clock signal to a 
respective one of said plurality of output circuits. 


30. A memory device as in claim 29 wherein each of said output circuits has 
an associated output data^hold time, the timing of which is adjusted by the delay of a 
respective delay circuit. 
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31. A memory device as in claim 30 wherein the amount of delay applied by 
each of said adjustable delay circuits is programmable. 

32. A memory device as in claim 30 wherein the delay of each of said 
adjustable delay circuits is adjusted such that the tilling of said data hold time of each 
of said output circuits is substantially coincident; 


33. A memory device as in claim ySO, further comprising a plurality of data 
output terminals respectively connected to/said output circuits, and 

wherein the delay of each onsaid adjustable delay circuits is adjusted such 
that the data hold time as seen at sai<^ respective output terminal is substantially 
coincident. 

34. A memory device as in claim 29 wherein each of said delay circuits 

comprises: 

an input for receiving said first clock signal; 

a plurality of/uelay elements, each of said delay elements providing different 
respective delay to a signal applied thereto; and, 
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a switch circuit for selectively causing a selected one of said delay elements to 
delay said first clock signal and apply a delayed first clock signal to a respective output 
circuit. 

35. A memory device as in claim 34^further comprising a programming 
5 circuit for programming said switch circuit tp selectively apply said first clock signal to 

one of said delay elements. 

36. A memory device s in/claim 35 wherein said programming circuit 
comprises at least one fuse element. 

37. A memory device as in claim 35 wherein said programming circuit 
10 comprises at lest one anti^^ise element. 


5. A memory device as in claim 35 wherein said switch circuit comprises a 
plurality of switcn^lements respectively coupled to said plurality of delay elements, one 
of said switch elements Dfeing selectively enabled to apply said first clock signal to its 
respectively coupled delay eleme* 


39. A memory device as in claim 38 further comprising a programmable 
circuit for programming which of said switch elements is selectively enabled. 
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40. A memory device as in claim 29 wherein said output circuits are output 
buffer circuits. 


11. A method of providing data output signals comprising: 


receiving a plurality of data output signals at respective output circuits; and 

operating\aid output circuits in response to respective applied clock signals 
to make said data output signals available at the output of said output circuits; 


-Jl 


10 


providing a first dock signal; and 

generating each said respective applied clock signal from said first clock 
signal, each said respective applied\lock signals having a respective adjustable delay 
relative to said first clock signal. 



42. A method as in claim 41 Wherein said data output signals are available at 
the outputs of said output circuits for a/respective data hold time, the timing of said 
data hold time for each of said output circuits being independently adjusted by 


» u^ < 


adjusting the delay of a respective applied clock signal. 


15 


43. A method as inyclaim 42 wherein the amount of delay of each of said 
applied clock signals is programmable. 
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44. A method as in claim 42 further comprising adjusting the delay of each 
of said applied clock signals such that the timing of sa^a data hold time of each of said 
output circuits is substantially coincident. 


45. A method as in claim 42, wherein each of said output circuits is 
connected to a respective output terminal, safid method further comprising adjusting 
die delay of said applied clock signals suct/that the data hold time, as seen at each of 
said output terminals, is substantially coincident. 


46. A method as in claim 45 wherein said terminals are exterior terminals of 
an integrated circuit package containing said output circuits. 


47. A method as/in claim 41 wherein each of said applied clock signals is 
generated by receiving said first clock signal and subjecting said received first clock 
signal to a selected one of a plurality of signal delays. 


48 . A method as in claim 47 wherein said selected one of said plurality of 

/ 

signal delays is/programmable. 
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